Introduction
Sulfoxides belong to an important class of organic compounds which play important roles in synthetic organic chemistry [1] . They have also received enormous interests as chiral auxiliaries in organic synthesis [2, 3] , and as useful building blocks for the synthesis of biologically and medicinally active compounds, and activation of enzymes as well [4, 5] . Sulfoxides have also found important applications as therapeutic agents such as cardiotonic [6] , antiulcerative (proton pump inhibitor) [7] , antihypertensive [8] , as well as psycotonics [9] , and vasodilators [10] . Many procedures and synthetic methods have been developed for sulfoxide synthesis [11, 12] . Oxidation of sulfides to corresponding sulfoxides is the most simple and straightforward method [4, 5, 13] . Several types of oxidizing agents and methods have been used for sulfoxidation process in solution and on solid phase [14] [15] [16] . A number of oxygen donors such as H2O2 [1] , m-CPBA [17] , ozone [18] , O2 and t-BuOOH [19] , has been reported. Among these, aqueous H2O2 is a high atom-efficiency (47%) and most attractive oxidant in the green context as it is environmentally benign (only generates water as the by-product) and safe in operation [20] . However, H2O2 oxidizes sulfides rather slowly and therefore various kinds of acids such as AcOH [21] , TBHP/p-TSA [22] , and transition metal (Fe [23, 24] , Ti [25] , Mo [26] , V [27, 28] , W [29] , Pt [30] , Mn [31] , Cu [32] , Ru [33] , Ta [34] , Ce [35] , Sc [36] , Zr [37] , and Cr [38] ) based systems have been used to activate hydrogen peroxide. Many of these reagents and catalysts suffer from drawbacks such as long reaction times, low selectivity, low yields of products, and toxicity due to the formation of environmentally harmful waste by-products. Furthermore, many of these catalysts present problems such as over-oxidation into sulfones and unfavorable oxidation of other functional groups present in the sulfides [39] . In order to avoid such drawbacks still there is a great demand for the development of new oxidizing systems.
Recently, Selvam and co-workers reported the novel use of cyclohexylenebishydroperoxide in oxidation of sulfides to sulfoxides [40] . However, low selectivity and oily state of this reagent makes this method practically undesirable.
The objective of the present work was to investigate the capability of trans-3,5-dihydroperoxy-3,5-dimethyl-1,2-dioxolane as a high-oxygen content oxidation reagent in sulfoxidation reaction. The interest in this protocol is that it accelerates the conversion of various sulfides selectively into sulfoxides with high yields in the absence of any activating catalyst. SnCl2.2H2O (45 mg, 0.2 mmol) was added to a stirred solution of acetylacetone (100 mg, 1 mmol) in CH3CN (5 mL) and stirring of the reaction mixture was continued for 5 min at room temperature (Scheme 1). Then, aqueous 30% H2O2 (5 mmol) was added to the reaction mixture and was allowed to stir for 12 h at room temperature. After completion of the reaction as monitored by thin layer chromatography (TLC), water (15 mL) was added and the product was extracted with ethylacetate (2×10 mL). The combined organic layer was dried over anhydrous MgSO4 and evaporated under reduced pressure to give almost a pure white crystalline product, 1. Yield: 85% (140 mg). M.p.: 98-100 o C; 1 
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(166 mg, 1 mmol) was added to a solution of sulphide, 2, (1 mmol) in dichloromethane (5 mL) and the reaction mixture was allowed to stir at room temperature for an appropriate time (Table 1 ) (Scheme 2). After completion of the reaction as monitored by TLC, saturated aqueous solution of Na2SO3 (3 mL) was added to quench the remaining oxidant. Then water (10 mL) was added and the product was extracted with dichloromethane (3 × 5 mL). The combined organic layer was washed with water (2 × 5 mL) and dried over anhydrous MgSO4. Evaporation of the solvent under reduced pressure gave almost pure product. Chromatography on silica gel provided pure sulfoxide 3. [35] a Conditions: Sulfide (1 mmol), Reagent 1 (1 mmol), CH2Cl2 (5 mL), Room temperature (rt). b The structures of the products were established from their physical properties and spectral ( 1 H, 13 C NMR and IR) analysis and compared with the literature. c Isolated yield.
Results and Discussion
In this ongoing research on the synthesis of gemdihydroperoxides and their use in various transformations [41] , we became interested in examining the oxidative ability of trans-3,5-dihydroperoxy-3,5-dimethyl-1,2-dioxolane for selective conversion of sulfides into corresponding sulfoxides. This reagent was prepared based on our previously reported method [41] , as a white crystalline solid in high yield (85%) from the reaction of acetylacetone with aqueous (30%) hydrogen peroxide in acetonitrile at room temperature using a catalytic amount of stannous chloride dehydrate (Scheme 1). As evident from the 1 H NMR spectrum, this compound probably assumes a trans geometry. In trans isomer, two C(4)-protons of the ring are symmetrically located on either side of the ring and will have similar chemical shifts. However, in cis isomer these C(4)-protons experience different chemical environments and expected to undergo a geminal proton-proton coupling with one another to result in two separate sets of doublets in 1 H NMR spectrum. Based on this explanation, a trans structure is desirable for 3,5-dihydroperoxy-3,5-dimethyl-1,2-dioxolane compound since it exhibits a singlet at 2.67 ppm for two C(4)-protons in its 1 H NMR spectrum.
To the best of our knowledge, the present work presents the first example wherein trans-3,5-dihydroperoxy-3,5-dimethyl-1,2-dioxolane, 1, has been found to act as an efficient oxidant for selectively converting sulphides, 2, into the corresponding sulfoxides, 3, without any detectable overoxidation to sulfones (Scheme 2). The reactions proceed under mild and catalyst-free conditions at room temperature to yield the products in excellent yields ( Table 1) .
The effect of solvent and oxidant concentration on the reaction was studied using various solvents such as PhMe, MeOH, H2O, CH3CN, AcOH, THF and CH2Cl2 and different molar ratios of the oxidant 2. According to the experimental results, dichloromethane was found to be the solvent of choice in terms of yields (95%) when one equimolar amount of the oxidant 1 is used at room temperature. No improvement in the reaction rate as well as the yield was observed by increasing the amount of the oxidant.
To develop the scope of reaction, a wide range of sulfides carrying different functional groups were subjected to sulfoxidation reaction under the optimized reaction conditions ( Table 1 ). The reactions were conducted with very high selectivity in relatively short reaction times (18-45 min) to provide the corresponding sulfoxides in excellent yields (92-98%). The over-oxidation of sulfides into sulfones was not observed and functional groups like hydroxy, aldehyde, olefin, nitrite and ester were also tolerated in this procedure. As shown in Table 1 , it was observed that sulfides, irrespective of the presence of electron-withdrawing or -releasing groups, were oxidized equally well to sulfoxides.
It is important to note that, trans3,5-dihydroperoxy-3,5-dimethyl-1,2-dioxolane operates quite safely in these reactions with no explosion as long as the reactions are conducted at room temperature. Also, this compound tends to smoothly decompose on standing at normal temperatures. However, like many other peroxidic compounds, trans3,5-dihydroperoxy-3,5-dimethyl-1,2-dioxolane is expected to be potentially explosive. Therefore, as mentioned in the experimental section, special precautions in handling of this compound are required, particularly heating to higher temperatures should be avoided.
In conclusion, trans-3,5-dihydroperoxy-3,5-dimethyl-1,2-dioxolane has been newly prepared and utilized as a highly selective and highly active oxidant for oxidation of a wide variety of sulfides to sulfoxides under mild and catalyst-free conditions. The reactions proceeded with no significant overoxidation to sulfones and also functional groups such as hydroxy, aldehyde, olefin, nitrile and ester remained unaffected. This protocol may be considered as environmentally friendly since no additional catalyst is necessary for the activation and the oxidant is regarded as a non-polluting reagent.
